03/07/01 11:53 FAX 206 5263210 ONR SEATTLE A\ igoo2

REPORT DOCUMENTATION PAGE ~ AFRLSR-BL.TR g

Pubic npamu Surden for Inks coliection of MIofAMON ks estimated Lo average 1 hour pu responsa. hcm&q the lime k IonEe—
gathering a0 (Re B3ta needed, and completing 8nd reviewing Ins 9] @w
o hlarmllbn Including suggesiions for reducing this burden (o Washingion Y=55q Mrs Service, Ol’or.lcnll for Inforn

1215 JoMerson Dawke Highway, Suite 1204, Arin VA 22202-4302. 3nd Iu Iho Oftice ol Managament 3nd Budgel,
Paperwork Reduclion r&zo:u&:w Wt#cgr';;‘llm DC 20503, TTTTT———

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. T
1. REPORT DATE (DO-MM-YYYY) 2. REPORT DATE ._,__ 3. DATES COVERED (From - To)
07/30/2001 Final 04/01/98-03/31/01
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Apolications of laser Cooling and Trapping LR
F49620-98-1-0423

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) Sd. PROJECT NUMBER
Chu, Steven Te. TASK NUMBER
3484/T1S
5f. WORK UNIT NUMBER -
7. PERFORMING ORGANIZATION NAME(S) AND ADORESS(ES) 8. PERFORMING ORGANIZATION
REPORT NUMBER
Stanford University
651 Serra Street, Roam 260 SPO#18959
Stanford, CA 94305-4125 .

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

11, SPONSORING/MONITORING
AGENCY REPORT NUMBER

AIR FDRCE OFFICE OF SCIFNTIELG]
¢, -NOTICE OF TRANSMITTAL DTIC. THIS TECHNICAL RF

PORT
HA§ BEEN REVIEWED AD IS APPROVED FOR PUBLIC RELEASE
LAWAFR 19012 DISTRIBUTION IS UNI ATED

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Mngmtwasuseﬁtosu;mortgraduatesttﬁenfsmm:g It was used
primarily to support a student, Joel Hensley, who|was/Vorking on an' experiment
effort to measure the recoil momentum of an atam ::.tabsorbsaptptcm.

0011218 128

16. SECURITY CLASSIFICATION OF: :7. LIMITATION OF 18, NUMBER [18a. NAME OF RESPONSIBLE PERSON
o REPORT b, ABSTRACT [C TRISPAGE | oo TACT . |OF PAGES g

1sh. TELEPONE NUMBER (/nclude ares code)

J

Standard Form 298 (Rev. 8-58)
Prescribed by ANSLSId 23318




08/07/01 11:53 FAX 206 5263210 ONR SEATTLE Koo3

r
[ 4

ONRRR/SSATILE |

s g

' t

i‘\"i-"' l"' ..!_-,'

l- ..-

T“

July 27, 2001

-———-

Trappmg” F49620-98-1-0423

Granting period: 04/01/98 to 03/31/2001

This grant was use<-to support graduate students in training. It was used primarily to
support a student, Joel Hensley, who was working on an experimental effort to measure the
recoil momentum of an atom when it absorbs a photon, which translates into a measurement of
A/M om. A measurement of /M can lead to an improved value of the fine structure constant, a,
the dimensionless number that sets the scale of the strength of all electromagnetic interactions.
The fine structure constant can be written as o’ = (2Ro/c)(Mes/m.)(/Mcy), and all the quantities
in this expression except A/Mc have been measured with an uncertainty of 2 parts in a billion or
less. The measurement of the mass ratios were stimulated by the prospect of our measurement.

The value of the fine structure constant is determined in a number of methods: the most
accurate techniques are the quantum Hall effect (24 ppb), the ac Josephson effect (39 ppb) and
neutron interferometry (34 ppb). If one assumes the QED calculation of g-2 and the experimental
measurement of g-2 are correct, then a value of a can be determined to a pICCISIOIl of 3.8 ppb.
On the other hand, one can take the altemate point of view that a comparison of the best
predicted quantity in all of science with one of the best experimental measurements is frustrated
by the lack of knowledge of a.

In 1992, we showed that an atom interferometer based on optical Raman pulses was well
suited for this measurement since it converts the measurement of a velocity change into a
interferometer phase shift measurement. Since our measurement is 2 measurement of the phase
difference between two atom interferometers, many systematic effects common to both
interferometers subtract out of the final value. Added precision was obtained by adding a large
number of photon impulses separating the two interferometers, thus improving the precision of
the technique. In a seco.id generation experiment, we developed an interferometer based on
adiabatic transfer in order to increase the number of optical pulses we could use and to dccrcasc
over 120 photon momenta.

Joe! began working on the project with Brent Young, whose thesis developed the
adiabatic transfer method of atom interferometry. During this time, Joel developed a state-of-the-
art actively-stabilized vibration isolation system that was crucial for this experiment. Brent left
before an exhaustive list of systematic checks were done and work of finishing the measurement
became Joel's responsibility.

Since then, Joel, working with a postdoc, has analyzed and eliminated many systematic
effects that could give spurious phase shifts. Precision measurements require a deep
understanding of many aspects of physics, and is usually far more challenging than the
observation of a new effect. This is especially true with an apparatus constructed in stages by
three graduate students and consisting of two actively stabilized Ti:sapphire lasers, over a half a
dozen actively-stabilized diode lasers, a state-of-the-art actively stabilized vibration isolation
system, well over a dozen electro-optic and acousto-optic modulators, hundreds of optical
components, and so on. To make matters more challenging, many of the lasers and components
were state-of-the-art and home-made.
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- We have completed our search for systematic effects. These effects can be quite subtle.
- is an example, the number and density of cold atoms was varied to look for a change in the
i-sured phase shift due to dispersive effects (so-called “clectromagnetically induced
. 1sparency” effects), or the fact that the momentum of the photon in a dilute, dispersive
v zdium would be changed. We will also do a complete theoretical analysis of the problem where
& numerical integration of the full density matrix description of the multi-level cesium atom
describing the laser fields, the coherences, and the forces that arises from this complex energy
level structure. o -

We are hoping to come in with an uncertairty of ~ 4 ppb in a. We have already shown
that the all of the other known systematic effects (such as phase front distortions, beam pointing
accuracy and stability, ac Stark shifts, errors in frequency locks, phase shifts due to imperfect
microwave electronics, thermal loading of acoustical optic modulators, missed photon kicks,
etc.) have been controlled to better than 1-2 few parts per billion uncertainty. We feel that this
measurement will be a landmark experiment. Joel will be graduating with his Ph.D. by the end of
this summer quarter.

In addition to training Joel, the ASSERT supplement was used to support two beginning
graduate students for part of one year: Adam Black and Hilton Chang. They are currently
working with Vladan Vuletic, a former postdoc of mine who has become an assistant professor at
Stanford. They are working on a new idea to laser cool atoms (and molecules) in an optical
cavity with off-resonant light (patent is pending) and waveguide atom interferometers.
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